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Abstract 



A tag comparator and bank selector for a set-associative cache in a computer system operates in a 
minimum time so that a cache hit or miss signal is generated early in a memory cycle. The data memory of 
the cache has two (or more) banks, with a tag store for each bank, and the two banks are accessed 
separately and in parallel using the index (low order address bits) while the tag translation is in progress. 
Two bit-by-bit tag compares are performed, one for each tag store, producing two multibit match indications, 
one bit for each tag bit in each tag store. These two match indications are applied to two separate dynamic 
NOR gates, and the two outputs applied to a logic circuit to detect a hit and generate a bank-select output. 
There are four possible outcomes from the compare operation: both banks miss, left bank hits, right bank 
hits, and both banks hit. The later condition indicates a possible ambiguity, and neither data item should be 
used, so a miss is signalled. The comparator is in large part self-timed using a flow-through design, as 
distinguished from being enabled on clock edges. Delay elements in the bank select logic allow the banks to 
be timed against each other, and current limiters are employed to equalize the timing of miss signals, 
regardless of the number of match lines switching high (which is data dependent). An address producing 19- 
of-20 match bits will result in a NOR gate output of about the same timing as an address producing no 
match bits, even though the former will turn on only one transistor to discharge the precharged output node 
of the NOR gate, whereas the later will turn on twenty paths for discharge. Although a two-way set 
associative cache is shown herein as an example embodiment, one of the features of the invention is that 
higher levels of associativity, e.g., four-way and eight-way, are equally well accommodated. 
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ftTH*. CPU 1 OttLevy^Kifc-SF-** 
<tt. Sander, Uhler&tfBrown Ktf^Sft* *5£fp§<£> 
ISigATr&'SDigi tal Equipment Corporat iontCfgffi£ £ 

[0014] *wmw\zm&Ltzc pu <d— mmm\zv 

W<B**!y 5^«»©«Ftttt8 0 3 8 6^L<t46 8 0 
3 0f^y'm<D{&O7-*T?^*\ZttLTm!&£ntz 



ST^^^nfcC I S C^< 7 p <7)n>tfa.— PVltU 
<, MIPS. R 3 0 0 0^, 1990^6 A29B^tBHS 
tl, C*lt>$7iDigitalEquipment Corporation frgSig 
•Sftjfcitttt+^aiB, '>>J7;i/#-$f547, 630 ^ \ZWi^ 
£*lfc&&£*l£6 4 fy hR I SC7-*f^ff^) 

«t3&R i sc^<7 p on>fcfa.-^trt>#ffl-e*^o 

[0 0 15] #JPW/cCCPU2 8tt» T^ypt^D- 
*>XfAOyXfA/Ul 1 l:7i7tXt§eii:^T$ 
£o tfJDW&CPU<D«-*B;, -ttl6**C PU 1 0 
U»»a:6tt, ItCCPUfy^lO, gl*t7'> 
3.14. A7977^*t7->al 5, ftff<>^7i 
-XZL- y h2 1 6*»d£a*RTttT»*. cn 
e,OftOC PU 2 8 fi^^TSoTt) 2 

XI li:7i^tXt5, cne>^CPU2 8l^ ; E 
U 1 2lC7*-fcXT<5C£tf*-CS. S£^T, tty^a 

1 4*b<»41 5 ©f-* y □ y ^ 6»»t * C t 
SS. CPU2 8^^U120*5Dir->'3>(:» 
€f&*£fr^> Sl+t^>al4 GffKtt, A^y^7 
7y^t^>al5) KS«rt*fB£ 

TttJ&Vi, CPUlOHWoy-X (iOCPU 

2 8) ^b/t'Jl 2^0«*a***#ftLfc»^.' * 
W^jx 1 4&tf 1 5CO^-^yD>y ZtemhizZtl 
£>„ »l(Dta7'>al4B r^-f hX;M gC3S~eft 

Myjj Ka-ewf^-rs. »i*t*r>aui:tc 

fcn$-— 5/ 3 XCMLTCPU 1 0 £«fc-&»#&*a*gg 
frS*1fc»£\ *t7yal4, Hfl, /tyJ7y^t 
•^y>il SIC (ttffifctt#bT, MiLtt^U 1 2 

hXA- J T&£>„ CPU10^7^77^t7 
->^. 1 5con^r-^ 3 >K:*tUT«*a***fTbfc» 
£\ ^(£>»^i*^£;<^'J 1 2\ztinftZ>&mifc\t*ifi+ 
*r<DRt>Q* yXfA^fi^Sf (CPU2 8CDc*:5 
&) tff SjgSi: Lfc*ft .(OS 0 , «»JO 

COD^r-fy 3 >(CT^-feX^St^fe*-&) ^KMU 

(Ei^jft) 1 2K 

[0 0 16] B2£#flrrn«9i*&<fc3fc. 
PUfy^l 0O?PyJ»4g3 0KfittL75c^4"3 
<D#n>yi7* phil, ph i 2, phi 3 Rtf, ph 

*^T\ VyWJimafCtlOnft (10 0MH 
z) T&££:#k ^o^ph i 1 ^Ptt-tft-ftl 2 . 5 

it<^;H^TM-*^^X2 S^JtLTMUi^— 

U ^t7ya5Xfl<^t7'>ah7h«l^ 



(W 



W5 - 2 2 5 0 5 



&££*i£o cco^^, SXcD^fcfcy h5gb<(4n 

&#2 OBCP UCDV-»1M 0 t> 3 oos^mfc* 

<Dn»AX1M ^;Ut40 2 {C t>53*<S*lT^Scfc 3 tC^# 
T3 0n#T?*5. AXIMd^Ptt, AX1M^;KD4 
^tt«ftj|a6«ftei: J p 7 3 0 KJzoTft 

9m£nfc4^<0fi&O-&3i7Dy^ Phil, Ph 
i 2, Phi 3&tf, Ph i 4 K «k^TH«Kje«;*ft 
L*>L&a*e>* S^Xt^AX 1 1 tt, AX 2 0 OA 

;k ^toctf 6 4n#tftffl, COAXIM^ 
I4CPU1 0Rtf/U2 0(!:tt*HHIT»-5. yXrA 
/Ul 1 O^-f 5>£flM ^JKM>^7x-^az7 

[0017] cY>\j?-y7i oconmmm^ mwz^ 

©•ffld^Snt^S. ^ h 2 2 ttffiffi^M** 

^y~>^17£^tr 0 dCO^^^i-^f/^. 1 7f4 2 
K/H Mf<X<OUffl^X h U - A t > U *t ^ 
(dedicated ins true t ion-s t read-only cache)T£>D, 

2) KT^izXT^^K^eti^ gp-B, <ss#^- 
tl^i:3(r. TLB 3 l-CTKUXieiftSfftti^Wi 

cti6^>#^tt^^*^y ^zi. l 7j5>s» -eca* 

;x — (prefetch queue) (CD— K (load) $tl^> 0 
[0018] ^ d*^»J»jl- ^ h 2 4 ttfM»Ktt 

OUlTo ^ D y-^r >^fi^az 7 h 2 2 ^ I 
>h'J^>h7Kl/X^§W0, T^af8H*lC«fco 

*^*J»zl- ^ h 2 4 OftJWTtCftS) Hfru-^/ h 2 
3tev^nf^<0*6SO r^Hj £§fefr"r&o JgfT^-- 
7h2 3l:tift5l/y7^7 7<MJflfflSfl«l©|/y 
X*, 7u{f7&*0>?* ^^ErU 7^-^ U^X5\ — 
(temporary) f L<i^l/yX^, Rtftt8gUS?X 
*ff y h 2 3 lii t A L URtfi/7# 
(shifter) £r^^, V-f ^Dy-y/^eSMofc 

[0 0 19] ^^Uflaz7h2 5ima->yh2 



2^«b (ift*8fc*U &tf^~^Smoi^:£> Hff 
az7h2 3*^ (f-*8ttlW) ttU'J^XXhS 
/^Ufl^Zy h 2 5tt*^3.-y h 2 2Sb 
<f4*ffi-y h 2 3©W*l:^t'JKfflf-J6gff 

? h tUfrar y h 2 3 * SStt, mWzMmt 

1 + «y f>zr 1 4 ^^IfcL, +t7'>a3>hD 

7h2 5iiin^OUi7XXh^L, MlTt 

7«L<»7Kl/X + tyya3 1 6ffltiT7h # l/XS 
fftSfr^, fiS7KUX^I7Fl/Xi;77lf>^t 
5. 7HL/X+t7y^3 1 OfcfgKWL 
(t>L/t7 h**#ft-rs?S:Sfri) 1 -^>>+r<^;^i& 
TLB3 1T5XU:i^ ^^E'J^aiH 
5& IZ cfc o T ;* U O ^- S?5r— Zf)Vfr £ ^— S?^— ^ 
x>hiJ^ffiStl» $XL/:7 K UX^^A-T-57c 

$ft±TC07^-fcX£W3i£U :x«««fl6*£S?fr 
T^o KT-cai^^cfc^tc, ^^Ufla-7 h 2 5 tc 
cfcot#i$nfcP-^tya 1 5 tt2 ^x-f iry 
yy7f>f77< KX;U— l*D<DZf 
n^pt, 3 2/Hh07^;WX (*t7ya7-f 

y^a. l 5©lfy-try HiLT«i**tiSo ^^ijfl 
^-7h2 5 l:±oT§TOen^^ 1 + t 7 ya 1 
4t5X^lt±5S^ ; EU»J^xxMl 

y^n> hn-7az 7 h2 etcigenT^ff^n^. 

^t'JfIa.- 7 h 2 5 t4«S3»*SttT, *+y>i3 

[0 0 2 0] +tyya3>hD-7XZ7h2 6tt/1 
7?7y^t7ya 1 5tC*tt*^>i3>Kn— 7t*5 
j|8C P U/U 2 0 l:»t<5-f >^7i-XT? 
*t7^3>hP- ^2 6tetfcttJ»J£XX h£ 
Stt, ^ : EUflar7 h 2 5*^#*a**ffir^ « 
l ttyya l 4<Dy^j^z^m^]^^ : E i J^mzL-y 
1-25^^1^,, *t7>'a3>hD-7XX7h26 
(4, « 1 + t 7 1 4 #«S8!ji: i oT/t y ? 7 7 
t7'>a^50U-7't-7 KiLTftfifSnsCiS** 
7it)<0<t"r^>. 7ya3> h D — ^ZL~ y h 2 6 t4 
AX 2 0*5*t7'>i3t-l/> £y— h v >+f ^ '> 3 
>^r§^t, *t3ft&^7-f hAy j^JCctoTCltl^UT 
S^^^-r^o H 1 WyXrA©*t 7 ya3 t - 1/ 

y ^(Dm^zm^Tz b<D-?&2> 9 
H3%. A«7— K (hexaward) (1 L<U3 2 

h) 7P790/t'JS, /^U 1 2, ^L<f4y\* 
X 1 l±OCPUOA7^77^t7ya 1 SOPS* 
^BfWrs^t^T*, v^^yn-fe^-tfxX^Atc* 
oTf4, cn6©*t7'>a0^1^»SL/<tt^ 



97y7**yi'3. 1 5 M^cDg-T^- Klcarr**-— 
J— *sv-f\Lv MC<fc-3T*3R (1 I4»f*. Ott#B? 

-^B*l:*7fy^RAMI:E*SftTiD, '>X^ 

Ay?7^ttr>al 5f4«;Ltfl 2 
8K-2M/HhWXTS^. 2 8 n^coz^irx 
WflBStf-r**^!;:. CPU10l:»LT10n#7y 

s#aa-r * z t & t # * . 

[0 0 2 1] H3e#Barfttt?l*a:Jt5fc» 9-f>3 
3W3 4±<D»I7KUXttTLB3 1 2rt*S<DWrt 

KfctriT. fcTy K<3 1 : 9>$t02 2 t**y NCO^- 
y7l/-A#f 3 6 >W5 1 2/H hT 

&£c!;5&4M^—>*cd*cd l o tMB*** 

0 1 4 (l-of-64)cg , 7— t* (quadwords) 
*e-;K8:3>S4tf. 3KyK0/^h7FI/X 
38,<2:0>f4, 1 ~DOmy— 1 :*:/8 

/h*34t^y hi&o. ^-sm y^ypx 3 7tt-tn»r 

»JCtT<fcO*Sra:t)0!)ta:S. PFN7^-;!/H3 
6, tfyh<3 1 : 9>tt. *jftC!>fc«&«CM#y^X2 
SOTLB 3 1 SrSiflLfcffiST' Hl/XO-»T*§ 
d*. £ tt S <8 fcf y MiiKE 3 *U 7-f>3 4*gil/T 
TLB3 ISHaLftey K8 : OiitttSft, P 
-ttyya 1 4 SrT^-fe^-T^fcftJw-rOrfiJfflpIffi 
<h&5. 1 ^^^'>j. 1 4 (Ofltrirett, 0 3 

\Z^Lfz^v\Z. 0\t2 0 tf>y hfi (t*7h<3 

1 : 1 2 » T* 0 , -f >5^y ^ X 7 -< H41B7 
tfy h<H (fcfy Kll: 5» <>r^7 

&<8 : 5>$gP^MlC^j5S*r-5t>cOT*'5o Cfttt, 
cLttSOfcfy h^TL B 3 1 fcf 
y M4SR#fl<H;:, <11 : 9>, tM^;W<B<fcOiB^I$ 
JHfcfiJJfl*JI6-C&5fc». 7-f>33±OTLB^6P 
FN3 6(OJz0m^\f^ hliLTmm-? tfyh< 
4 : 3>*^&*4'7— KSS?7>f— ;i/Htt, ^<>3 
•4±C<-5?*7ty hcOfflWaWHc^ftU ^-^IE 
fiS^4 9^4 7- K©t*5i«t5fc»i:ttfflS 
B4£#IBTtttfffl*>&<fc-5K\ fgl+^yv-^ 
1 4li£;t>?4 3Li*/0^4 3 R£^ofc2^C0 



(8) • #PJ¥ 5-22 5 053 

Zf. 7 s -^Ktt4 5L*L<I44 5R3&JfiqE-ra. #/t 
>?l:i2 8iW>ry^X, fiP*fr4 6jOTSpftU 
S-O^-y ^Xtt8<B4)4 «7— K4 7^)t-? (§A> 
2?K4«) 64t , 7h§L<fi8/Hh©47 

r v>j- 1 4fC*f-"TS*r y ->jl -3-^X141 28X8X 
8, fiP^8K/HhOr-^ (JSK:. ^^»tlpjLT) 
T&£>„ fT « >f 7^X) ^n— K« 1 2 8flDt*6 

i-3«5-r*0re*-&a*. citif4 2a(5gr-c^fT$ti5o 

t^T\ -f>f!y?X3 1 <OSMffl<Dk # -y h<8 : 5>K<fc 
^TmW)$fttz8z><D 1 *y 1 6 <I-of-i6) rn-^4 

8 <D-ty b&m^T i 6ffl<a*a>e ifl*«a#5s*i5, 
#iiz. ^f>T7^x4 i <z>»*(oe^ Kii; 9>a* 

iUiiU CftS»#©lfy Hcj£SUTl*:/8*l/^ 
j^4 90ty H:<t^T»2©IJ!*%Sns i «I*fcf 
7K4 : 3>^ffllitf3-^5 Oco-fety HcJcoT 
4<B<D4 s a>S HB&S«U -f ^y^XtC^-r-S^/t 
>^tr*fLT4 I 7-H4 7coio^g^-r^o KttiK:* 
oTtt, S)It:7h<8 : 5 >jW£J8S*iti>S&», 
ttm^— ^C0 8^O-fcy h^r3-y4 8$>ffl*;fc:i3H 

7^1rxa*i*j8fl:2*l*. -f>fy?X4 6#«{*ft 
^^IE«4 4L«Ktt4 4R*t7 ? -^E*4 
5L^b<tt4 SRiiifefCBWPJCZ^-feXStlS. 1 
2 81^>f7^X. ff4 6 0#^H &A>£M:i 2 

o tfy hco^^s i £^tr„ ^-^ettt^^-fexsn 

4 8^4 9**&/B;5n*o »*tfy MaSfCi&B&O) 

€IUTE«7?t76ffa:5fc«&i:lli:«fflSftT^ 
/U3 3±tPFN3 6&TLB3 l3^Jffl7? 

CDW^J 5 2 L«Ktt5 2 RtCi3^T2 0 t-y h^^5 

[0 0 2 2] 0 5tZ, 0 4COT-^RlfT-^Et^ 

4 8, 4 9 2fctK5 0<OS;3a:?}**"f<fc5 3Q:H"CSSnT 
Haoiid Partovi RCXMiche! Case (CcfcoT1990^ 
4^11Hfim®^n> *¥£W(Dm&AT*$>Z>d\g\ia\ Eq 
uipment Corporation tcSig^tl^jK^^cotH®, £150 
8,082 -^tr^^tlTO^cfc^f^ E5>J«IJs!EttX— A— 
tf h^-f > (super bit 1 ines) SffiCiSffl* Ltl^. 
H5^^98*»«C<fcp«C, 1*^1 6 -fe 1/^*4 8coS>«r 
t4ir;^E?»ic0 1 6i@cD^^EUir;U5 3*c»a*tlT45 
0, l3j-X4-feU^^5 0<^ 1 ^t4CtlbO 1 1 6 
irl/^^4 8<Dtp<D4M\ZR&. lt^8tU^^49 



(3) 



&m^5 - 2 2 5 0 5 3 



«1 *zf4izl>t7$ 5 0(04»<D8<BJ;:Rtf. ^— ^ (JC 
>^ 4 5 LRtf4 5 R<D&*\ZZ.tl*><D 1 ;*:/8irU^ 
Kl 1 : 9>S«Mrrsfc«K E^JZ^-trT: 
fcJWfcTy HSi^TlrtSftS. *^E*4 4LROC4 

L<te2 OflCD 1^3/8 -feU £7^4 9©t7 N 

[0 0 2 3] H6*#Ba-TtlttW*^j:<t3C ^iHtg 
0>#— f >tv*?7s. HPS, #-fr (*^y>jL9-f 
» i^— *K«tt, ^tZ, 6 2 7 t*yHI5 4T» 

5 5£*rr*2 0 t*7 1 ^yVf He: 1 

/IU7V H$:ix^ + t7'>aT-^C0 4OOEg7 
-H7 2 (4X (6 4 + 8) ) <fc, SfC, 4t5<0*f3»fc? 
7h56 ^4 rcD^gg^-Kt'^fLTl^) 

if. El#^f>^fy K5 7tt«-f >^y^X«Cj#bT 
§Stl5, ^WJf ^ f7 K5 514^^5 1 t*l:7 

T?&(r> (not-last-used) m&7)U3VX2*&$£fTT2>1t 

«sa*s^sn* :^>T7^x4 6^st§2^ 

ORTfig& 4r><Dmy— K4 7 COiry hCD^CO 1 t?3&«=J=--v 
tfq&tt^? 2^A>^l:»ni:7 H 5 7C0^^ffl 
jlU7-<;U (refill) mft<Dffi\z5£*k-fZ>*><DX$>r), 

[0 0 2 4] B4Cfi^ *^EtS4 4L&rjC4 4R 
^5^7^f>5 2 LW5 2 R±(Bi'#ttI2jttfr& (it 

E1K»4TLB3 l^&^-f >3 3&mCX?t?4 0 
W*. d*l-S<BlHli&5 8 LRtf 5 8 Rtt, NORTHS 
SS5 9L^L<{45 9RI:»nA*iLT2 0<@(7)M 

IUSS6 l*C»-rSA*«kLT5-f >6 0LW6 0 RJi 

I ±K£A>^gif?ffi-^ **HfcJU 7-Y>62 R±(Z 



L<(46 4RS^^UfIa-7 b2 SlZfafroy"-? 
/U6 5 (C^^f ^^c^Hy- h* 6 3LStf6 3 Rfcct 

[0025] smi^u-tH' {7)V<o^^ s >^#5S2 

1. Ph i 2M, ph i 3 0— ^££W"f <5ffl, KFffi 

6 6 ai:*^T7-f>3 3 ±T*mm^jmtj:^ y^m^x 

95^6 6 bOffl, 4 8\Z^X^lM\£y h< 

8 : 5>Sffl^tr3- K*ffr&*58£U Sl^^ 
;UOph i l^ph i 2^£Wt"^. 6 a tc*5 

^T, 7-f >3 3T8#hT7 h»tf^ySftI«t5Clt 
^nTtgch&O, »mraW6 VOIH^EJUO^— F5-f > 
**ffift£*l*. 7co4 I (E>raBf6 7 a (iifftte 

Phi 41*) K*5^-£\ Uy8t^'l/^5 0l:^(/it 
r3-K*^7U @K5 8LRtf5 8R, 5 9LS^ 
5 9 R^6 1 \Z$5^X/*><>7m$imft&$tTT2>. * 

£\ ffilR 6 7 a OJt^iSfP COSMIC, 7-f>64LfL 
<te6 4RRtXy— N6 3L^L<t4 6 3R^m 
t7'>af-JEtt4 5L, ^U<{44 5 RCOBf^O 

o^2coii--r^;pop h i l op B 1fii6 8coF^ti, Bf^cD 

bttSBBfcfy M:#nr3-R»0, T«*7Lfc 
7^-feXtf-f i7;i/OraR16 6W6 6 b^Jt/C-TS. 
[0 0 2 6] H8I:, SteKflK<k*ft0K 5 

8L, 58R, NORIeI?S59L, 5 9 R. R0C/t>^ 

*2 2 OiW^e-; httfe[5j?S7 OOty NjWH^S 

1 Oiry h*«ra«JCffl^6tl§. 7-f>3 3^gStT 
TLB3 1*5S»»5ftfc^y4 0lt 7-f>33 0 
-3 3 l9 ±<OCnS<OtfctSElEi»7 0Rtf7 1 <D±X\ZM 
T£ 1 ^^T'JSo «ttttl°IC& 70«7<>52L 
©2 OiOty NCO^CO 1 ^{r#eEt"^£A>^ ^ 
— ^StilH^JX^-f X (Ief t bank tag data store arra 
y slices) cdiot^, raJ^K^ffl^Ol^^S 
mWz&it&®&7 1 7O52R020 

fflo-fey hcD i ^^^r ^>*/\* > ^ ^ fatgffi 

®^><, &ttmis\&7 Of L<«7 ltt, lfi5!l»tt$nfc 
Pft>^h7>vX^ 7 2, 7 3SffNft>*^ 
h7>yX^7 4, 7 5^ lOO^JI/- ?\z+ ^\Z. fg 



db) 



&m¥- 5 -2 2 5 0 5 



7 0, 7 1 /i^^^tiNORy- N 5 9 LS^5 9 R 
lCfpj7^^<>8 0±t;:fiFSET£. 7<>52L 0 ^ 
ig, 7^>5 2L 0 A-^fi, ftlX^-f >3 3 0 T^gcD 
«£r, h7>vX^7 4R^7 5fW>ttSlT$»t), h 
7>v^?^±T^ 1 ~D(D*yVtm(D h^>v 

?&m-Tz>tz&, cco#j?ij&g£[H]8&7 ot^r^m^ 
^^f>8 ottfi^ggic^i^i-^^n^^^-r^o ^ 

7^f>5 2L 0 ^ 7-f>5 2L 0 ^il, fttf 
7-f> 3 3 0 Wf&, h7>yX^7 8Rr/7 9fi 

h^>v ? x^^#-r^^5e>, ckoeuss 7 o tea* 
-r^ta^^'f >8 o t>*^®«gitr^i^^6n, 

^rS^-r^o flfi<0 2-^^pltg75:te'&i^ (7<>52L B 
**<g, 7<>5 2L 0 A-m «L<«U 7<>52 
L 0 a*ig, 7^>5 2L fl A-» CioTC(7)7< 
>8 0^h^>>?X^*f 7 6, 7 7, 5gL< N^>f>' 
X^«7 2, 7 3 ^ilUTigtt^fC^l^^^n, C1C0 
^^t'7hMlT#I^^t^, 7<>52LS 
tf5 2L/\*-, 5 2RM5 2RA-liiTphi20 
F H 1l:Vddl;yUft-y (precharge) ph i 3 

TlKRi^n^^. ^ >8 0lZ±Tp h i 2C0Ktc^^ 
> KCWLT^yUr^ X^^ — ^(predischarge)^ 
*l, phi47rra^n^ a 7^f>52L, 5 2LA*- 

v h\Zft-TZ>7< > 3 3**1 7?*S^0-C*S*M3«fc 
e>T h7>vX^ 7 2, 7 3gl<|j:7 6, 7 7fc£o 

CO 0 2 7] #A>^tr»"T5 2 0fflCD^<>8 0, HP 
"5, a 8 COg^lHlgS 5 8LW5 8R<DM*tt. £fttf 
*A>^tC*rt£N^>*;U5 9LW5 9R^K 
fc2 0<@Oh^>v f X^8 If L<H8 2c02O(D-tr-/ 

ph i 2, m%* ^U^-^-^WPBco^fr, ttttUKfii 

««ph i 4T?KttJ8i:ttS. h 5 >>>X^ 8 0 < \t 
8 1 <D&1zy h<D Fl-fyteftjiy-f >6 0 LRtf 6 0 

h^>vX* 8 5 Ccfc.oT, p h i 3 OffltC V d d \ZW\ 
fflfcT/U^-r-^Stl*. h7>vX^8 1R^8 2^) 
hOV-XfitS» h 7>yX^ 8 6 , 8 7tC 
<fcoTV s sKSHR^ns. h7>yX^ 8 6, 8 7 <D 
y-M45-f>880>Jttt-f*- :/;PflH» f t o T§g®i 
Stl. p h i 4TUiLfc£iB#»£&*. C^£A>^ 
K*rr*5<>8 0CO 1 0^U<f4 2 0£t±^p h i 4 



0L«ffittlBK5l*»"B:6n, ^X^SSt^ (5>f> 
3 3±Wi^4 0lt ^<>5 2 L±<0fE1t^5 1 <h 

0Ol^gl<^2^±^ph i 4©raK»tt!BT3& 
Phi4^ tiHl^'f >6 0 LttfittSgtC^I 

esF-a-^n/.sxsss-r* >3 3±o*2M o 

>6 0L£l<tt6 0Ril iTOh7>yX^8 1g 
L<tt8 2^7ttl W>?C»t5 2 01fl!)?<> 
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